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(57) Abstract 

Loudspeakers and other transducers of the 
dual-voice-<oil/dual-magnctic-gap type can be improved by 
the addition of one or more annular shorting rings (16A-16S) 
strategically located in the vicinity of the two magnetic gaps. The 
shorting rings have no effect on a steady state magnetic field but 
act in opposition to any change in flux density or any displacement 
of the flux lines such as those that occur under the loading imposed 
when the voice coils (lOA. lOB) are driven hard with audio 
frequency current. Thus a plurality of rings can be strategically 
deployed ai different locations so as to optimally suppress botii 
even and odd order hamionic distortion and to reduce the voice coil 
inductance. 
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PATENT APPLICATION for 
SHORTING RINGS IN DUAL-COIL DUAL-GAP LOUDSPEAKER DRIVERS 



By Inventors: Douglas J. Button 
Ralph E. Hyde 
Alex Salvatti 



PRIORITY 

Benefit is claimed under 35 U.S. C. § 119(e) of 
pending provisional application 60/078,623 filed 
03/19/98. 

10 FIELD OF THE INVENTION 

The present invention relates to the field of 
electromagnetic transducers and actuators, and more 
particularly it relates to improvements in loudspeaker 
drivers of the type having dual voice coils axially 

15 located in corresponding dual annular magnetic air gaps 
on a common axis. 



BACKGROUND OF THE INVENTION 
In addressing fundamental design issues of 
dual -voice -coil dual -magnetic -gap loudspeaker drivers as 

20 related to- conventional single-voice-coil drivers, the 
present inventors have E bund that the diial -voice-coil 
dual-gap type offers advantages with, regard to linearity, 
efficiency, available voice coil excursion, power 
compression, . heat dissipation and maximum, sound pressure 

25 output capability. Furthermore they have found that 

certain benefits of the dual -coil dual -gap approach can 
be further enhanced by introducing shorting rings in the 
region of the two magnetic gaps near the voice coils. 



DISCUSSION OF RELATED KNOWN ART 
30 Japanese patent 61-137496 to Okada introduces a 

conductive annular plate in a speaker magnet structure to 
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prevent burning, of a voice coil - and to prevent an eddy 
current giving adverse influences, to a voice coil 
current . v. . • 

• M U.S.. patent 5,381,483 to Grau discloses a minimal 
5 * inductance :eiectrodynam.ic transducer having ferromagnetic 
shunting rings: coated' with a highly conductive material 
to- increase- the induced. current carrying- capacity of the 
transducer . : . : 

- U.S. patent 3i.'830; 986 to^ Yamamuro discloses a 
10 MAGNETIC CliRCUIT' FOR AN; ELECTRO -ACOUSTIC CONVERTER having 
an' air gap forrrjed of a magnetic material laminated with a 
conductive layer -ifor' acting as" shorting rings to- decrease 
the' inductance of the • voice ' coil; " . .. 

•Japanese patent'. WO 817*02501 discloses a MAGNETIC 
15 CIRCUIT FOR AN ELECTRO -MECHANICAL TRANSDUCER OF A DYN/UyilC 
ELECTRICITY TYPE wherein compensating coils or conductors 
within the^'rha^hetic gdpsvare.'supplied with signal current ' 
to prevent disturbances in^ the magnetic field. 

Japanese patent 198208 discloses an ^ ELECTROMAGNETIC 
20 ^'CONVERTER, wherein a ;magnetia ring is located in' the air 

- igap so' that' it- earn' be.' moved axiai'ly between a' . ^ ■ 
' -tiircumf ferential • ydkfe and a center yoke to -provide good 
" ^conversiort eff iciency by using .a- hollow disk- permanent 
magnet that is magnetized 'in different^ poles at - the 
25 center and extisrnal- circumference-. . • ■ • 

U.S. patent 3,783,311 ^to Sato et al .discloses a 
MAGNETIC DEVICE' FOR USE IN' ACOUSTIC APPARATUS ' wherein a 
metallic' member in a voice coil gap permits the lines of 
magnetic force to move substantially in one direction 
30 only, for distortion reduction. 

Soviet Union patent 5876'45/SU197801 to Rotshtein for 
an electromagnetic loudspeaker magnetic circuit disclose 
a magnetic shunt of soft magnetic material placed over a 
core pole piece to increase acoustic pressure by 
35 decreasing magnetic resistance. 

2 
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The foregoing' patents are confined to" convent donal 
loudspeaker driver/actuator construction having only a 
single gap and a single voice coil. 

' . Patents' that disclose dual voice-coil du'al magnetic 
5 gap ir iversy actuators include. U :iS . ; patentS'..-4., 612 , 592 to 
Frandsen; :5, 231, 336 to Van-^ Namen,. .and French.'patent 
1,180,456 to Kritter;: however these do 'not disclose the 
use of shorting rings. 

U.S. patent ' 4 ,-914,707 ■ to. Kato et al -for a BALANCE 
10 VEHICUIiAR. SPEAKER. SYSTEM- .Suggests-! attaching ^a': shorting 
• V. ring to- a coil ofi- .a dual i-tcoi L . duaL-.gap. f rQnt speaker in a 
vehicle to decreases th-e '.high .frequeneyi. impedance as an 
alternative to connecting, a. 'xete Is tor inr, series., with a 
rear speaker:, . .f oir . purpose&L ofcv making, t he^r impedance of the 
15 - rear speakfe'r lhx^heS:iJtha-n::that'',^f JExon^^ 

- A f DBJEGT-SiOF-^iTHiE •IKyElfp^IDN^-ii • 
Iti .iisj a. primary object fDfjrtfh.e:i ip resent: f invent ion to 
. pr<aviye:.iTnproverHents:^ iin ^^a,":o-f .vii r.:; ...'lu .^r:!; 
duai>.voice>.Goal/jduaiL-inagnetia.ngap itype-itraiaL^djacer that . 

2 0 will reducev harmQWic; :distjoirt.doni in- thej a5:i5ii4i.sti<2 output . 

- . • . vltr jis; a further .obj ecti:. of ^t'he; pr;esei^^ to 
. • • implementi 'the. a'f orementionecif ifaprpyement a .. in:-i'at3 manner 

that wiir x.pduce .eiVferi. ordegr-.^haiirmpn-iG -distortion including 
particularly second harFnontCj disLt;orti(Dni 
25 lit is \a sitill-T further, ^p^jectr. of :dt he j present 

invention to' dmpl'etnejiC'ither orernenti'Timed, improvements in 
a manner that will reduce odd order dis.tortion .including 
. particularly third harmonie distprtion. 

SUMMARY OF THE INVENTION ■ 

3 0. The above-mentioned objects and have been 

accomplished and the advantages have been realized by the 
present invention as applied as an improvement to 
loudspeakers and other transducers of the 
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dual-voice-coil/dual -magnetic-gap type by the addition of 
one orcmore shorting rings of "high, conductivity metal 
strategically located in the vicinity of the two-magnetic 
gaps close to the voice coils. 
5 .. The shorting ixings have no .effect- on a steadyistate 

magnetic ^ ield but „.act in* opfiosition to- any. change in 
flux density or any displacement of the flux lines such 
as those' that •'Occur, under thei'-loading imposed when the 
voice coils are driven hard with' 'audio frequency current. 

10 The location of the shorting rings determines their 

effect: location close to a voice coil reduces the voice 
coil inductafifce/ Jol£at;ibnu~entire^ within the magnetic 
flux *loop^ce[ntei-li'ne:'fav6rs [reduction: of second harmonic 
<; andv higher. ofdex^ev^en ih^rmdniG distortion-/ a centered • 

15' ' location oit the '/if Lux loop ceriterlin^; v i .le i centered in 
the^magneticcgapr-v'favorsi reduction 4df third' harmonic and 
• highei:' <3dd - ofcde'r -'harmonic rdietort ion; ; While : location 
dutside th^^if lidx<: Loop. :icentei^line 'but 'neaf,'fche voice coil 
. ■ ^acts generally *td"rediice.- harmonic, distortion: • Thiins a t 

20 "plurality' Of ^"'ring$rG3anobei differently located so jais to 

J^'^' opCimally:^StiippresS -:^bcDiih^even andi.odd orderr harmonic 
distOrtliori ^afid teduce' the^^voice' coil- inductance.-. 

BRIEF DESCRIPTION -OF 'THE DRAWINGS' ' 
The abbVe' arid -further objects,; features and 
25 -advantages'-df- 'the -'present'iinvention^ Will be more fully 
understood- frdm. the following' description taken with the 
accompal^yihg "drawings iti which: : i 

FIGs. 1-3' show shdfting tings located inside the flux 
loop for reducii^ig even -order harmonic distortion. 

30 FIGs. 4-5 .show shorting rings located outside the flux 
loop . • • ^ •■ ■ [ 

4 
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I FIOs:: 6*-7 show.iat ibeast two shorting :rings: located, inside 

the flux'loop and at' least two located . outside, the- flux 
•■ loop, -r • ■ ' ■■ ' • s-'. ^ 

FIGs. -8-lO show-)^horting rings. tcentered. on bhe flux loop 
5 for best suppression of .^odd lOrder harmonics. . . w :^ 
- '■ ■ . -t 1' ■ }'':•: lo.;' -T.^ r' -v 

* FIGs. 11-^and- 12 show .shorting- rings - in itubulari form 
; extending- through >^ both v..gaps'.; , ..v r'-.^ • , 

. ' ■:■ ji.- /DETAILEn):.JDES-eRM^TI<3W:r i 

FIGs'.: Ir 12',are.jbasiG-ff.unational^^^repcesientations of a 
10 duc.igap dyaltvo^ce-rtoilrfloudspeafcer tdrd''^e2:,^,^ half 
.crosssection rwith :a ivoiee qoil asrdiembliy l-Q carrying voice 
coils lOAiarid 1 OB i- suspended \ inva l^p^i^KtiOfi im^gpefci zed air 
-gaps formed} if rpm' -.a ipermanentrimagiaelt .rMb^ispo^ed-^li^tjween a 
! 'o:. first sJleeir poleLfiieGe LNv'^afe-^tljecidiortjhiipole ogjmagnet M 
15 aaadia second'. -steel* >pQl©ia(iafcntrbe^so>utbippieii0fi magnet M, 

• and a yoke':'12 vhiahuisim&dedofiwTnagpettic.ltnatjejri^li-'^nd ? 
whivahncan ibfe vcohsidered toedaf d.ne?.:iia-;e€ fiect > t^.^rp^jbr of 
pole 7pieceB;:fchat :Wouidjsub3fiant^i^fciy mirrQjrithe 
articulated pole pieces N and S of magnet M and thus form 

20 the two^'magnetic. gaps .:k: ' jk;;-'o •{■ii'i,'^ 

The-magnetic?: syeterp ofrit;lii§,f OP^goifjg; storucture sets 
:up av magnetics-flux > ioop.'iinifeb^op^th (gh^wn; as a .dashed . 
- ^ : line,., i.e. (flmx. loop; center L line --,14, mwhich: is . typi.cally 
centered within each, magnetic gapi.ancj.. wj.tjiaiii,;.,^ach voice 
25 coil lOA and lOB. 

• Voic^ coil as-sembly IQ d^; con.^t rained by well known 
spring, suspension .diaphragm structure (not shown) so that 
it travels axially, typically driving a conventional 
speaker cone diaphragm (not shown) in response to AC 
30 (alternating current) applied to coils lOA and lOB, in 
accordance with the well known Right Hand Rule of 

5 
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-electro-magnetic mechanics and in; the general manner of 
•loudspeakers, . ti.he two colls b^ing phase - connected . 
accordingly.. , , ". ■!. 

The half; cross -sect ion siiown in FIGs. 1-12 
5 repr;e3ents \ajC!oaxial . loudspeaker T]ao,tor structure that can 
have either., of .:two Ip.asi.c. qonfiguration^ • that are inverse 
o-f each, other: .i , .• r ;•; • . 

.;(1) . , coaxial iiajpout c^nter.jJiirie. CLl with magne.t M 
inside of- the aimialar voice- .c<?)il assembly .10 po ^that 

10 magnet M with pole pieces N ai^d S are cylindrical in 

shape, lyi^ile :yo)^..fl;2 as ■ ^:iUbular ,in ^hape • surrounding voice 
coil, assembly.. Ij-O/i or i : ; : ^^.^ s i, ,j *. 

■■ (2) • cpapcial, jabq^ti ce.irite^r jiine C;i2 :with a 
cylindi5iG^l.(yokie 12 ^ iragide. ■yo^.ce /jcqil .assembly 10, and 

15 . magrT^et M $j^d rPQle,.pi^<i:es -^I.. ^d.. -S vbe,ing annular, in shape, 
surrounding voice coil ass.^mbly -IQ . . , , , 

• . ! r fA .xx?mmo;i ]ini)erenti;,shQrtcg^ming_d loudspeakers is 

ftha3fc,.t-he-.ii;iagnetti^;,Jlu in,:th^( r^gipj^ of the yoice. coil (s) 
is .-;B,ubtje<P:t tO'ipatJteca <iefprmat;ian,>cjr. .(nQdulati,on as, a 

20; rcc^^ction;tQ::dr4vercur3;;€!H:t: .i,n tjhe. , voice -coil (s). ; ^ this in 
turn' LGa^^jdistp-ort ; -the .i^goustic putiputr .as .,well^ as increase 
the.^iJiductancerpf.: the^.^co^l, .winding (p)- , aljtering -t^e 
frequency ;responseve ■ ! i c.-^-; .\ • - \ . ■ - 

As\-indiG^ted. in tihe.;^bpye .-discussion of related 

25. .'known art, it ; has; .bepnj:fiound i that ithe.. introduction of 
shorting/shunting. rings pf highly; conductive metal such 
as copper in the. vicinity;, of. the:; jfiagnetic air gap of 
conventional . single coil drivers gan provide benefits by 
acting to stabilize the magnetic flux against such 

30 . perturbation from modulation due to voice coil current. 
Such shorting rings have no effect on the flux^ pattern as 
long as it remains .constant and . stationary , however the 
rings react with an int.ernal flovs? of current that opposes 
any change .in. the flux pattern such as would be. caused by 

35 the drive current in the voice coils, thus the rings can 
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substantially reduce di'^tortion in the" acoustic' output . 
Also' 'a shorting' riri^* located near' a voice coil-tends to 
reduce the inductance of the voice coil. ' • ■ ^ ' 

The prese'nt irt^entorS , in research directed to 
5 improvements in -'dual-gap dual -coil transducer drivers , 
have identifierd k^y locations and configurations for such 
shorting rings, particularly with regard to distortion 
reduction, and have 'developed sueh locatdbns and 
configurations fof reducing' second aTid/6r third harmonic 

10 distortion selectively : • ' ' '." ■• ■ 

FIGsV '1-3' Show 'Idea ti'oris of tubular- Shaped shorting 
rings Shat are located within the' fliix lobf) as defined by 
its center • line i'4' and " t'hafi fhteref 6re >aet in a manner to 
reduce ' ^vfe?h -brdef ■ hatmonlc-dis'tortion^^ijicludi'^^ ■■ < 

15 particularly sfeedrid hartmoriic distorti-o^n ^ In- accordance 
with the present irivenfe^-rori. -' - :■ ^ i:.^ .y^'i]U'i.> 

In iPi'GV ' Iv ' th^ ^t-'ubul^t'- 'sh^i^^ ritngi^l-G^A is located 
adjacient t-6 pdrManerit nta'gn^fc MH '^sserit-l»4il3!y ^extending 
between J thfe^- two 'pore" p'ledes^H airid ^S* iin'- a' I'ocatio-n ' 

20 -adjacent - td 'voice'^cotl ' assetfribly-'ro aAd- •entirely ' wi'Dhin • 
■the f lux^-lbop^ defiried by d^fit^er* l^ine '14'. ' f'lni-FIG/ ^^2', the 
tubulat short ihg riri^ 16B -is '^embedded >irt :a recessed 
region of yoke 12, essentially extends' betweeni the two 
yoke poTe pieced in* a" lodatioil adjacent 'to voice coil 

25 a'ssemb^iy lO'^nd'-entiirely^-WTthin 'fehe f lux loop defined by 
^center line '14-:' In ' FIG 3; two = rings are incot'porated in 
a driver unit ting "16A, aTs'in^FIG. 1 'and ring 16B, as in 
FIG. 2 since 'both rings ^^re- located' within the flux loop 
defined by center ' line 14 ,* 'the even order harmonic 

30 distortion ' suppression is greater than in- either FIG. 1 
-■or FIG.' 2. ' 

FIGs. 4 and 5 show loc^tionsof annular shorting 
rings 16D and 16E configured as disks that have an edge 
positioned close' to the voice coils of assembly 10 and 

35 that,- being located outside the flux loop center line 14, 
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. .act ./generally: to-. reduce harmonic, distortion and reduce 

voice qoXX inductance in accordance with the present 
I invention. , , . . 

In FIG. . 4 a f irstf pair of; shorting rings 16C are 
5 located on the outer surfaces Qf,.^pole pieces N and S 

respectively isnd second .pai;r of- shorting rings 16D are 
located on each^ end of; yoke.. 12, .^11 having an ;edge in 
close proximity to the : voice; iQoi Is of . rass.embly ,10 The 
shorting rings 16C and l>.GD ;a.?r.e, shaped -,as annular disks, 
10 i.e. flat washerrs/. however, ^d^pqndixig on the 

configuration, ;i.e.' ;wh?ether .GX^l jor .CL2 ^is the central 
.^xis-, the .pairr ot i shor:t:ijfig . xing^.: t^hat are; centered on the 
axis need not have a ceiutral: :hole ^^-.nd thus could, he 
shaped siipply .ias; Qirc;ula.2j di^ks. <; . : 

15*.-, ;:j;[In ;FIG. i5/r ;two shorting rring-s ,l$p ar^ fitted in the 
' I :oujtex corners -of i-yoke - 12 p-d*i?ir'Closerp.3;Q^^ tp the voice 

i coils: of . assembly. 10^, -but outaide-the: -f lu^^r loop as 
defcine,d''by -^Cje.iputier .l.in)ej.-.14 ::,.] - ■ ? _v :.•>/ * m= . ■ 

F I Gs. 1-6] rand 07 Show^. configurations witht short^Bg ring 
20 locations, nestr rthe . voice ;coils rboth. dnside --and .outside 
the f'lux.'lo^p as . def ined by center - line ^;14 ,;j't-hus:. acting 
mai-nly. '.to suppres-s . --second- harmonics r and .higher, or^er even 
harmonies and tO' reduce , voice ; coil-induetanoe... , 

/v.-.in'- FIGJ . twor.shortirlg- rings r iGF't .are- located in 
25 . the innerrcorners of . eqich = of /the magnet po^e^pieces N -and 
:.S,* within the if lux. loopr and acting mainly on. even- :order 
.harmonics, iwhile^'twonrings 16F are located in the outer 
corners of the .magnet pole pieces;. N and S and two rings 
16E are lodated in :the outer corners of the yoke, as in 
30 FIG;. 5, ^these four 'rings , being located outside: the flux 
loop. but ■ close- to the voice coils . of assembly 10; will 
thus acting generally to reduce harmonic distortion *and 
reduce the: inductance, of . the voice coils. 

In FIG. 7, a total of eight rings are deployed; a 
35 pair of shorting rings: 16G and 16G' embedded in each of 
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the pole pieces N' and S as shown, - and two corresponding 
pal-rs 'of shorting rings 16H and 16H' enobedded in 
corresponding locations in yoke 12, so that 'four of the 
rings are inside -the flux loop -and the other four are 
5 outside the flux loop. • " '■ ' • • . - < 

FIGs ; 8-l€- show shorting rings 'Ibcated substantially 
■ centered^ on the- flux loop- -center line" -14-: this is the 

optimal location for suppression' of odd order ■ harmonics , 
■particularly ' third -harmonics . , : "i • 

10 In FIG: 8;. ^shdrtlitig ^rittg-fe' IGJ'^and' 16K are= embedded 

in * a*' center -locatibn; '>on€- ea'ch in all four -pole- pieces 
defining the two iriagfietic ' gap's , = substaiiti ally' centered on 
the flux loop center' rin© :1'4^^' - . - ■ : 

In FIG. 9, the t-ot^ar- f-a^defSi-^of pole:^-'.N -and S: are 

1-5 configured ^wifh •laitiiiiiated^^hoftlng'-ring structures 16L,' 
and corresponding' laminattied-^^hb^tiTi^'x 16H 
are eTnb^dded 'in^jfc'he^ lipfJerr paVe vpiieCLe-ttegdOhsi of - yoke 12 
adjacent the voice coils as 'shcft^ii. ^^::0:31l^^^e Jamiiriaited- 
shbrtijng ; t^iAg ■:sfe:t^iIctiaf'-e^ni.GLva«ld- leHrssonsisC-bf sheets of 

20'' electri'Gal'ly -cdnduGtive i-metal>-; ^'typiv^aMrJ^JCoppecr'tor . 
aluminfufm)' 'inteirleaved vwitH magnetic -grade fsteeil' vii ■ 
•laminations'. - 'ThiSiapprodchnrepres-ents-rtDhe closestf:J" 
possible approach ' to ^ideal'vcottdi't-'ions for reducing * 
acoustic drstldrtibn-, bot^htSeodnd and .t'hilrid'^hatrtmonics and 

25 their higher -'brdear multiples >.-^varid reducing . '.voice coil 

inductance, §'inoe : the . latnainataed Lshol^tling 'ringis act in the 
' manner 'Of a large- numbet Oif-iindividuali srhorting;;r:ings, 
some located inside the , fltix ,loopi> ..some centered thereon 
and some located outside- the flux. lo6p, :but all located 

30 close to the voice cpils. This .type of shorting ring is 
particularly beneficial at. higher audio frequencies. 

FIG. 10 depicts essentially . an unlaminated version 
of FIG. 9: lower faces of pole pieces. N and S are fitted 
with - shorting rings .r6P of tubular shape, and yoke 12 is 

35 fitted with embedded shorting rings 16Q of tubular shape, 

9 
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somewhat longer than= rings 16P and thus extending 
inwardly from the outer corners past the voice coils of 
assembly 10, acting to lower the voice coil inductance as 
well as to reduce harmonic distortion optimally. 
5 ■ In FIG., "li , : a. single tubular shorting ring 16R 

extending full length of 'the magnet asse^mbly including a 
surface layer added onto the faces of pole pieces N and S 
close to the voice coils, thus acting to reduce voice 
coil inductance as* well as to reduce* harmonic distortion. 

10 . FIG." 12-= d^pictsi essentially a version of FIG. 11 

with the tUbulalr^ shorting ring IGS deployed as a surface 
layer extending full ^lengthralong the .upper surface of 
yoke 12 incl-Hdin^ its pbie regions, close to the voice 
coils, thus-pi^oviding further reduction In voice coil 

15 inductance. i -j: . 

■ ' ' ^! Alternative-fviable' CGTmbinations of .FIGs. 10-12 

include :. ring- leR : ( FIG. IDf-depiloyed in place of rings 
16P in FIG. 10; ringifL'5& (FIG; 12). deployed' in place of 
rings 16Q in FIG. 10; ring 16S (Fig. 12) deployed in yoke 
20 12 in FIG. 11. 

In the various shorting ring patterns, suppression 
of harmonic distortion generally becomes more effective 
as the ring(s) are made more massive and/or numerous. 



25 harmonic distortion in the audio frequency range 200 to 
2,000 Hertz. 

Typical results in distortion reduction were 
measured as follows: 



Shorting rings are most effective in reducing 



Frequency : 



200 Hz 



500 Hz 



1 



30 



kHz 



1. 



Ring configuration: FIG. 1 and 



FIG. 5 combined; 



2nd harmonic reduction: 



5 dB 



6 dB 



14 dB 
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3rd harmonic reduction: . 11 dB 10 dB 2 



dB 



Ring configuration: FIG. 5/ 

2nd harmonic reduction: no appreciable reduction 
3rd harmonic reduction: 9 dB . 4 dB 2 



dB 



This invention may be embodied and practiced in 
other specific -forms without^ departing , from the spirit 
and essential characteristics; thereof - . .The present 

10 embodiments . therefore, are considered in all respects as 
illustrative and not. rest riccive . The scope of the 
invent ion - is indicated -by. the- appended claims rather than 
by the foregoing description. All variations, 
substitutions, and- changes! .that come w.i thin the meaning 

15 and range of- eq.uivaler.cy of the: claims .therefoire are 
intended to be embraced ;therein. ; . 
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What is claimed is; . , • . i ^ i , 

1 '1. An improved loudspeaker driver -structure ^.r£pr-. driving 

2 a vibratable diaphragm to produce sound, comprising: 

3 firs-t and second similar -annular voice coils,. 

4 located ':spaced apart end-to-end on a- tubular voice -coil 
"5 form as part. of a coaxial voice coil, assembly that is 

6' disposed about a central axis , . drivingly coupled to the 

7 diaphragm and resiliently constrained to be yibratable 

8 only in a longitudinal direction of the axis; 

9 first and second annular magnetic pole pieces, 

10 configurted and .arranged as. an: •interfacing- pair forming a 

11 ; first annular- magnetic- gap traversing . >a predetermined 

12 'annular f^ortrion' of said, first • voice: coil ; ; • 

13 - third' and fourth annular magnetic pole i pieces, 

14 configured and .arranged a's * an. interfacijig .pair forming a 

15 second annular magnetic gap: ;t;raver.aang ■ a predetermined . 

16 annular portion of said second voice coil; 

17 a permanent magnet having a first magnetic pole 

18' - dir^ctedi't:o .t6--saidi firsts" pole pieces and: having a second 

19 . magneniic'pble^directedlitoj^said'rthird pole piece.; 

' 20 '. r Saimagn^t'id- ^ok^' -having a: first end idirected to said 
21 's'ec'oh4 pole -piece' ami i having a second end directed to • 

22 said fourth pole piece thus providing a^-main .magnetic ■ 

23 path around a flux loop encompassing, in series: (a) said 

24 magnet, (b) said first pole piece constituting a first 

25 magnet pole piece*; (o) the first magnetic gap;, traversing 

26 said first voice coil, (d) said -second pole piece • 

27 cdnstituting 'a first yokte pole piece, (e), said yoke, (f) 
2-8 said fourth* pole' piece constituting v a second yoke pole 

29 piece, (g) the second magnetic gap, traversing said 

30 second voice coil, and (h) said third pole pieces, 

31 constituting the second magnet pole piece, completing the 

32 flux loop; and 

33 at least one annular shorting ring made from highly 

34 conductive metal, disposed coaxially and located in 

12 
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35 coupled relationship with the flux loop, configured and 

36 • arranged to act' as a short-circuited winding turn that 
3 7 opposes' any change in strength of ' the flux locp and 

38 opposes any displacement thereof so that whenever said 

3 9 ' voice coils are- energized with audio frequency current so 

40 as to cause the coil form to : vibrate the -diaphragm, said 

41 ring is caused to react in a- manner .to. reduce harmonic ^ 

42 - distortion in acouetie outp\!itj^.of -.said loudspeaker. 

1' ' - 'Q,: The -improved loadspeaker-.- driver:. structure ag defined 

2 * ' in claim 1 v;herein; said: at- least one. -annular shoirting 

3 ring is disposed entirely within the-magnetic flux. loop 

4 a^s def ined by- a ' center' line. -thereof , soMa^ .to act in a . 

5 manner tc!) partidulAxly.i reduce- ew^en -.order harropnic ■ 

6 ddst^rtioti dn -the a'coustdci-outpHtKir;-: 

\ : ■' ■, U;-/ \yA '^^:ry?, ?o ii r : ^- : - .' 

'■\' 3. * The ^•iraproved>loudspe^keridrivfec?.:S63ructturej as defined 

2 in claim"! 2i'GOijiprisiTig:>a 5ingreoaniaiaX&rsSb<^rti 

3 disposfed^ 'ddjfacent' tbJ said- .magtiet;otp^ magnet and 

4 ' the Voice '^Goil form'> jandt jexterwiiiDg: -s^Afe^tantiarlly b.etween 

5 • the tvoi imagnet-rpble/- pieces L-- ^-.. -i.c-q - (m;- r./i- 

■ • 1 'A,: Tiie-..improvi^d.'iaoUd^>=eaker ^r/iv^jPvSjtructure as defined 

2 in claim 2 compris^ing.s- : 

3 a singJ:e annular- .shprtiag i^ing; disposed- adjacent to 

4 ■ said yoke, between said yoke and ..the; .voice, coil form, and 

5 extending substanjtially bietween -the two yoke pole pieces. 

1 5. The improved loudspeaker driver structure as defined 
2. in claim 2 comprising: r. : .. 

13 
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' 3'.. . a first- annular shorting, ring^... disposed- adjacent to 

4 ; .said.;magn^t,' toetween -said.. magnet and the voiceicoil form, 

5 and 1 extending substjantiaHy between the two magnet pole 

6 pieces; and: . . ; - : ■ ■ . j. * 

7 a second laninular shor:ting ring/ disposed .adjacent to 

8 said yoke, between said yoke and the voice coil form, and 

9 extending substantially between the yoke pole pieces. 

1 6. : The ^improved loudspeaker Idrriver; structure as defined 

2 in claim-;li Comprising a^t least ""i two 3aid/ annular rings, 

3 each idisppsed'^ini;a-MSubstantially;.,6ymmet;ric manner about 

4 it'he center linerof ;,:the.raagEietdeb£luxi;loop, so a^ to 

5 particularly reduce odd order harmonic distortion in the 

6 ■ .acotisti'C :ou?tputt pcr'-.iw. -( [...ri'-- .'\!.- 

1 7. The improved loudspeaker driver structure as defined 

2 in claim 6 wherein each of said annular shorting rings is 
" 3' . :configured>'ia^.tubulai: form- cons^ituting^rjin effect, a r 

4 .*'.> surrf ace^'layeaf.-.oncaucoEr^dpbndingaOEie'MO'f saidifour pole, 

5 ''■pieces-j jo n:;-."o jr. : i > •:■ ^ -v, * ^• 

^ 'n^.iTTi .f;^ , ;iJ' - ; j..M.i v 1,;. ; .:r(- I..-, r : • ■ ,v :. 

•r". 8. The improved loudspeaker driver istxucture . as -defined 

2 in* ciiaim -6 wheireint. each cofr'said annular .shortdng rings is 

3 embedded in a • central •: surf ace i region of .a corresponding 

4 one of said four pole pieces. 

■ - ■ • ' y^'-'-i "I . ^: : . • • 

1 9; The 'improved 'loudspeaker:- driver structure as defined 

2 in claim 2 wherein at* least one tof said annular ..shorting 

3 rings is fabricated from -a' stack of .'individually isolated 

4 laminations of magnetic grade steel. 

14 
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1 =10':' / The improved' I'oUdspeake'x^- driver structure as defined 
'•2' iih^--clalrh 1 wherfein at = 'lea'st one - sal-d annular shorting 

3 - **irin^':i^ conf igured'^>i'n a tubular -form extendi^ricf across 

4 both of a pair of said pole pieces so as t'o constitute, 
5' "in effect'/' ;a surface I'ayer c^n each, pole piece . 

1 11. The improved loudspeaker driver structure as defined 

2 in claim 1 comprising: 

3 ' . at l^^sti one aiinular/shorting ri^ng ^di'spos^d entirely 

4 within the ma-grietic? *flu:Ji^ loop as 'defii^ed byr:th^- -center 
5*''* 'line"there©f y sc as jt^i^act .inda-r-mannerbto particularly 

6 reduce even/'order i harraonic-disbortionrirt the ^acoustic 
■7 ' output 'and-- ■■ MTO::i'i f-^l -t3l;:io Ij^:^.^ -iLnny-^^s ^^ :r ' :k> i j - 

8 at least one annular shorting ring :dxsp6sed ..outside 

9 the magnetic flux loop as defined by the center line 
10 thereof. 

i. n : i^T: <■ '-S'j'ir^. "^.-.iiin-.vi itisr. lo »iocr» nit.-' I9ilv/ a ,r;i,.. f..* 

1 - 12V t The- 'improved li Ic&adspeaker driveftr.jstrufcfcuj?^ las , defined 

2 ' in-G<lAib»i»ia iomparlsi-ngt edght-annulaji'.^shortingoringa of? 

3 which two are disposed in each of said pole piecescjin .* 

4 opposite regions thereof such that four outermost of the 

5 shorting rings are disposed outside the magnetic flux 

' S'; • loop as -T defined by; thfe ceTtLt0<r:%line Itheareofit and the four 

7 r- innermost .of ( the^ishortang'iririgs afre^dijsposed . within the 
'8 -flux loop <as'''defdn[ed^ by .therjcehter :idn.e .thereof..!; 

1 13. The improved loudspeaker driver structure as defined 

•2 in claim 1 wherein said' at least, one annular - shorting 

3 ring is disposed substantially outside-, the magnetic flux 

4 loop* as -defined by the-center line; thereof . 
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1 .14 .1 The improved "loudspeaker driver structure as defined 

2 . in.'claim. 13, ■ comprising, two. annular . rings , eaeh,m^de to 
3- have a narrow width , that is less - t.han half the .voice coil 

4 - length, and i "each -disposied outside the .flux loop as 

5 defined by • the' center line • thereof as follows*: 

6 a first annular shortiag ring disposed along an 

7 outermost edge of the first magnet pole piece, adjacent 

8 said voice coil form; and 

9 a: ' second* annular, shorting,, ring.' disposed /along- an 

10 ' outermost tedge 'Of the. seooiid-^magnetri.pole^ piece , adjacent 

11 : said voiceJ coil wfbrm.\ i - : i. . • : 

1 I'Sv^ -I^he* improved' loud'speaker drivfer- structure as defined 

2 Ml ia claim 13', comprising 'two. annular ringst; each made to 

3' .t** have . a - n*arrowt. width/ that! is' l'ess- bhan/half the voice coil 
41 ; ileiagth; 'and leach^-dispolsedi outside^ the flux' loop as 
5' f. -fiollo^tfs:^' ■ii^iS'n '-'i^u-y. fii.; ^[ Blir,- )'s^cr" . , 

6 ' '^i^av*^"ir:^t' annularl &hprtiimg;:rdn^^^ an 

7 '»outetthost edge the' flrrst^^yoke poikei , piece,. .-adjacent 

8 said voice coil -fiorm^J "and i--')' • - i 

■ 9-*"-' y^' ' la -'Second i'annulair^^BhDrtJdTig'iring • disposed' along an 
IQ ^' outieormt^lst edgeJ of the second yoke ipole piece, : adjacent 
11 saiid voice" coll fiorm. '.-c- - -rt' . f . .^ ; r , ; , , ■ 

■ ■ = i * * ) ^ .!f \,.r".' ' -A ^ \. li . U . ■ . 

1 16. The improved loudspeaker driver structure as defined 

2 in claim 13 comprising four annular rings, each disposed 

3 outside the flux loop as follows: 

4 a first annular shorting ring disposed along an 

5 outermost end of the first magnet pole piece, extending 

6 close to said voice coil form; 

7 a second annular shorting ring disposed along an 

8 outermost end of the second magnet pole piece, extending 

9 close to said voice coil form; 

16 
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10 ' --i a", third annular shorting ring disposed along" an 

11 'Outermost end of the f irst ' yoke' pole piece, extending ' 

12 'close to said voice- coil form; ' and 

13 ^a fourth annul-ar shorting ; ring disposed along an 

14 outermost end -of. the: second yoke ' pole. piece , extending 

15 closed to said voice coil forrr:. • . , 

1 i 17 . 'An improvement L in! an audio loudspeaker driver 

2 structure • having: two. :Tnerahanicalily aouplled similar annular 

3 voice coils, located coaxially. relative; to/a common axis 

4 on a common tubular voice coil form, each voice coil 

5 being disposed in a corresponding magnetic field set up 

6 in a gap' f ormed' vbet-ween-.annuiar pdie;. pieces.. disposed 

7 inside *and outside, the: voice {CjoilfvfxDm ^ permanent magnet 

8 providing^ a. .'magnetic .-fluxi. loop:, that .traverises-. each gap. in 

9 series, wibhi a ydke:- magnet iiea:IL>f2 Oiinkijag itwo of ^ tfoe. pole 

10 pieces, the voice coils being suspended with t£reedom to 

11 vibrate lin; ai:direatJLon.JiailongKthfi=:.^xi'S[s in: reep^ to 

12 .:aiterna.tingi -eldG.tri-C'i.cjurren'ti made t© -filipw ia..the voice 

13 coils, said improvement ccSmpri;S;ingi: fjo^ . o*^. 

14 r. : . . . at least: :one .annul:ar:f rQ:^igi v0.fi.'jhighly . conductive metal 

15 ■- disposed -in- a- :region ^adja.cent th^ voiqe coilgnmade and.. 

16 arranged to oppose any change .in;...inti^nsity, or location of 

17 the magnetic flux from the permanent magnet and thus 

18 reduce distortion in acoustic output of the loudspeaker. 



wo 99/48329 



, ;PCT/US99/06084 



CL3 



CLl -- 
14- 

lQ.-±,::7^ 



CLH 



I 



14 




16A 
-lOB 



CLl 



14- 



10-? .75^^ 



M, 



CL2- 




ooococoo 




3NSDOCID: <WO , 9948329A1 I > 






FIG. 6 



2/4 



BNSDOCID;<WO 9948329A1 I > 



wo 99/4S329 



,.PiqTA)S9{>/06084 



CLl 



14- 



M 



10-> — oooo{»cxy- 



CL2 



1 6 H 4.<^ ^^r^l&H.'n?^ ^ 16 H ' 

"la.. — ' ' 



FJG. 7 




CLl — 
14 

16L-X 



CL2- 



-oopcjoobo 



12~'- ' 



3/4 



BNSDOCIO;<WO .9948329A1J.> 



WO 99/48329 PCT/i;S??/06084 



CLl 



14- 



M 




16Q 



FIG. TO 




CLl 



14- 



r • 



J Q — OpOO DOOO- 

16S 



CL2- 



12 



FIG. '12 



4/4 



JNSCXXIO <WO 994832SA1 I > 



INTERNATIONAL SEARCH REPORT 



iDtemaiional application No. 
PCT/US99/060g4 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :H04R 25/00 
US CL :381/412. 414 

According to Imeroational Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system fbllowed by classification symbols) 
U.S.- : 381/412. 414. 419 / // 



Documentatioh searched other than m ijifmnm documentation to the extent that such documents are included in the fields searched 

None : v Sr-'-y ■ 



Elearonic dau base'i 



APS 



c'ons&ted dufiag t^e imphl^ional^ search (name of ^t^ ba^ ahd. where jpiractjcable. search terms used) 



: ^qningltingif or sh 



searche terdis: Spiting oing/j^ or sMit-cir^i)^ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4,914,707 A (KATO) 03 April 1990, see Fig. 7 

US 5,381,483 A (GRAU) 10 January 1995. see Fig. 1. 

US 3,881,074 A (KAWAMURA) 29 April 1975. see Figs. 1 and 2. 

US' 3.632,904' A' (MAUZ)lO* fehuai^ 1972, isee Fig^^ 1 • o - = 

us 3,783,31 1 (SATO et al.) 01 January 1974; see Figs. 3-7. ' 

't ■'■'•'1' ■ ' i»-it i'.i O'i; ';i •;: ■< - ;^ h 



1-10 and 17. 
1-2, 4-10 and 17. 
1-3. 5 and 11-16. 
1-2, 4-10 and 17. 
1 and 11-16. 



I I Further documents are listed in't6fc''66nilriuaifoVi'6rB63t^C;' '' '[ ['' See' patent family anhex. 



* Spccul categoric I of cited docutnenti. 

*A' document defining (ha general ttat« of the ■rt which u not considered 

to be of paruculai relevance 

'E* earher document published on or after the tnumational filing dau 

'L* document which may throw doubta on priority clatmO) or which is 

ciud to esublish the publication date of another ciuuon or other 
ipccial reason (as ipecificd) 

'0* document reierrmg to an oral disclosure, use, exhibition or other 

means 

'P* document published prior to the international filing daU but later than 
tlic priority date claimed 



later document pubtiahcd after the mumatjonaj fiUng data or priority 
dala and not tin connict* with the appticction but cttad to understand 
tha principle or theory underlying the invention 

document of particular relevance, the claimed inventioti cannot be 
curuidered novel or cannot be considered to involve an inventive step 
when the document u taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documenu, such combinauon 
bemg obvious to a person skilled m (he an 

document member of the same patent famtly 



Date or the actual completion of the international search 



05 MAY 1999 



Dale of mailing of the imemaiional search repon 



26 MAY 1999 



Name and mailing address of ihc ISA/ US 
Commissioner of Fatenis and Trademarks 
Box PCT 

Washington, D.C 20231 
Facsimile No. (703) 305-3230 



Authorized officei;, 

SINH TRAN 
Telephone No, (703] 




Fonn PCT/lSA/210 (second sheet)(July 1992) i 

3NSDOCID:<WO. D94a329Al I > 



